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(54) CATALYST FOR FLUID CATALYTIC CRACKING OF HEAVY HYDROCARBON OIL AND 
METHOD OF FLUID CATALYTIC CRACKING 



(57) The present invention provides an FCC catalyst 
which not only deactivates catalyst poison metals, such 
as nickel, vanadium and the like, in feedstock oils, in- 
hibits the generation of hydrogen or coke, has excellent 
cracking activity and bottom oil-treating ability, and can 
yield a gasoline and LCO fraction in high yields, but also 
retains the performances on a high level over long and 
has an improved catalyst life; and an FCC method using 
the catalyst. 

The present invention relates to an FCC catalyst 
which comprises a compound of a bivalent metal or of 
bivalent and trivalent metals showing an XRD pattern of 
a carbonate of the bivalent metal; an inorganic oxide 
matrix and the compound dispersed therein; or an inor- 
ganic oxide matrix and the compound dispersed therein 
together with a crystalline aluminosilicate zeolite, and 
relates to an FCC method in which at least one of the 
catalysts are used in combination with an FCC catalyst 
obtained by evenly dispersing a cysteine aiumincsii;- 
cato zcollto in an inorganic cxicto matrix. 
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EP1 314 474 A1 

Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a catalyst for fluidized catalytic cracking (hereinafter sometimes referred to 
as :, FCC S1 ) of a heavy hydrocarbon oil and a method of FCC of the oil with the catalyst. More particularly, the present 
invention relates to a highly durable FCC catalyst which not only deactivates catalyst poison metals contained in the 
oil, e.g., nickel and vanadium, is reduced in the amount of hydrogen or coke yielded, has excellent cracking activity 
and bottom oil-treating ability, and can yield a gasoline and an LCO fraction in high yields without lowering the octane 

10 number, but also can retain these performances on a high level over long, and relates to an FCC method using the 
catalyst. 

BACKGROUND ART 

15 [0002] Recently, in the catalytic cracking of hydrocarbon oils, there is a desire to upgrade a less expensive feedstock 
hydrocarbon oil of lower quality, while there is an increasingly growing tendency for feedstock hydrocarbon oils to 
become heavier. 

[0003] Heavy feedstock hydrocarbon oils contain a large amount of metals such as nickel, vanadium and the like, 
and the metals almost wholly deposit on the catalyst. 

20 [0004] In particular, it is known that when vanadium deposits and accumulates on the catalyst, it destroys the crystal 
structure of the crystalline aluminosilicate zeolite which is an active ingredient of the catalyst and therefore a consid- 
erable decrease in catalytic activity is brought out and the amount of hydrogen and coke yielded is increased. 
[0005] On the other hand, it is known that nickel causes catalytic dehydrogenation upon deposition and accumulation 
on the catalyst surface and therefore increase the amount of hydrogen and coke yielded is increased and, as a result, 

25 nickel causes problems, for example, that the regeneration tower temperature is elevated. 

[0006] When a feedstock hydrocarbon oil containing a large amount of a heavy bottom oil (e.g., topping residue or 
vacuum distillation residue) is used, not only the influences of the metals become greater but also the sulfur compounds 
contained in the bottom oil cause a problem that the amount of SO x in the flue gas from a catalyst regeneration tower 
increases and a product oil fraction, in particular a gasoline, has an increased sulfur concentration. 

30 [0007] Furthermore, increase of the treated amount of bottom oils leads to an increase in catalyst makeup amount 
and causes problems relating to increase in catalyst cost and load imposed on the environment due to an increase in 
the amount of waste catalysts. 

[0008] Up to now, in order to deactivate poison metals such as vanadium or the like to be deposited on a catalyst to 
thereby improve the metal resistance of the catalyst, various techniques which incorporate a basic compound or the 
35 like as a metal deactivator into the catalyst have been proposed. Examples include a technique in which a water-soluble 
compound of an alkaline earth metal or the like is ion-exchanged with a zeolite or inorganic oxide matrix and a technique 
in which a water-insoluble oxide (e.g., dolomite, sepiolite, anion clay, or the like) is incorporated into an inorganic oxide 
matrix (JP-A-62-57652, JP-A-63-1 82031 , JP-A-3-293039, etc.). 

[0009] Although the compounds of alkaline earth metals have the effect of deactivating poison metals, they have no 
40 cracking ability when used alone. Consequently, they are used after having been incorporated as a metal deactivator 
into an inorganic oxide matrix having a cracking ability, as described above. However, in the catalyst, since the alkaline 
earth metal (especially a magnesium compound or the like) moves in the form of a low-melting compound during 
catalytic cracking reactions and the basic nature thereof destroys the crystal structure of the crystalline aluminosilicate 
zeolite, the thermal stability is reduced. 
45 [0010] The catalyst described above obtained by incorporating a compound of an alkaline earth metal into a crys- 
talline aluminosilicate zeolite through ion exchange has problems, for example, that the gasoline product obtained 
through catalytic cracking reactions has a reduced octane number (RON). 

[0011] Furthermore, when anion clay or the like is used, the clay naturally occurring is rare and hence highly raises 
the catalyst cost, while synthetic products of the clay also are not inexpensive, resulting also in an increased catalyst 
50 cost. 

[0012] In addition, when a compound of an alkaline earth metal is dispersed as a metal deactivator in an inorganic 
oxide matrix, the pH of the catalyst slurry fluctuates considerably due to the basic nature of the compound so that it is 
difficult to produced the catalyst. 

[0013] In particular, magnesium compounds dissolve away in the step of catalyst washing with ammonia, an aqueous 
55 ammonium sulfate solution or the like (removal of an alkali metal such as sodium or potassium from the catalyst). It is 
hence difficult to wash catalysts containing magnesium, and the incorporation thereof into catalysts is problematic. 
[0014] On the other hand, an additional advantage of the catalyst compositions described above having the effect 
of trapping vanadium Is that they have SO K -b:nding ability (see U.S. Patent 4,889,615, etc.). The ability is effective in 
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diminishing S0 X in the discharge gas from a regeneration tower and reducing the sulfur content of a product oil. 
[0015] Heavy hydrocarbon oils, in particular, have a high sulfur content, and the sulfur compounds deposit on the 
catalyst together with coke and become SO x in the regeneration tower of the FCC apparatus. SO x reacts with the basic 
metal oxide and is thus trapped in the catalyst. The sulfur thus trapped can be separated and recovered after it is 
5 converted to hydrogen sulfide through reactions in the riser. It is known that the catalyst compositions thus diminish 
SO x in the combustion gas and reduce the sulfur content in the product oil. 

[0016] However, when nickel accumulates on the catalyst surf ace, there are often cases where the metal deactivator 
described above no deactivating effect on the nickel. Accordingly, a technique of feeding a specific antimony compound 
(organoantimony, etc.) to a feedstock hydrocarbon oil to thereby deactivate the nickel deposited on the catalyst surface 
10 has been proposed (JP-A-63-63688, JP-A-1 -21 3399, etc.). 

[0017] However, the antimony compound accumulates as a metallic antimony deposit (low-melting compound having 
a melting point of from 500 to 700°C) on the control valve and the like in the FCC apparatus. 



[001 8] In view of the various points described above, an object of the present invention is to provide an FCC catalyst 
of the highly durable type (having a life at least twice higher than the life of standard catalysts) into which a metal 
deactivator can be incorporated without lowering the catalytic activity and which not only efficiently deactivates catalyst 
poison metals contained in heavy feedstock hydrocarbons contained in feedstock oils, is reduced in the amount of 
20 hydrogen or coke yielded, has excellent cracking activity and bottom oil-treating ability, and can yield a gasoline and 
an LCO fraction in high yields without lowering the octane number, but also can retain these performances on a high 
level over long. 

[0019] The present inventors made intensive investigations in order to accomplish the object. As a result, it has been 
found that when a specific carbonate selected from crystalline metal carbonates comprising a bivalent metal and crys- 

25 talline metal carbonates comprising a bivalent metal and a trivalent metal is used as a metal deactivator, then (a) 
catalyst poison metals contained in a feedstock oil, such as nickel, vanadium and the like, can be efficiently deactivated, 
(b) a catalyst can be prepared regardless of the kind of the inorganic oxide matrix as a binder and the catalyst can be 
used as an FCC catalyst of either the one-body type or the additive type, and (c) a gasoline and an LCO fraction can 
be obtained in high yields while maintaining reduced selectivity to hydrogen and coke and without lowering the octane 

30 number, and these performances can be maintained on a high level over long. The present invention has been thus 
completed. 

[0020] The FCC catalyst of the present invention, which has been accomplished based on this finding, (1 ) comprises 
a compound which is either a compound of a bivalent metal or a compound of bivalent and trivalent metals showing 
an XRD pattern of a carbonate of the bivalent metal. 
35 [0021] In the catalyst, the compound may (2) have been dispersed in an inorganic oxide matrix or may (3) have been 
dispersed in an inorganic oxide matrix together with a crystalline aluminosilicate zeolite. 

[0022] The FCC method of the present invention comprises using Standard Catalyst A obtained by evenly dispersing 
a crystalline aluminosilicate zeolite in an inorganic oxide matrix as a mixture with at least one of Catalyst B described 
in (1) above, Catalyst C described in (2) above, and Catalyst D described in (3) above; Catalyst D as a mixture with 
^o at least one of Catalyst B and Catalyst C; or Catalyst D alone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 



DISCLOSURE OF THE INVENTION 



15 
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1 shows 

2 shows 

3 shows 

4 shows 

5 shows 

6 shows 

7 shows 

8 shows 



an XRD pattern for MC-1 (Mn-Al-C0 3 ). 
an XRD pattern for MC-2 (Ca-Al-C0 3 ). 
an XRD pattern for MC-3 (Sr-Al-C0 3 ). 
an XRD pattern for MC-4 (Ba-Al-C0 3 ). 
an XRD pattern for MC-7 (Ca-C0 3 ). 



an XRD pattern for MC-8 (scallop shell Ca-C0 3 ). 
an XRD pattern for MC-9 (oystershell Ca-C0 3 ) . 
an XRD pattern for a hydrotalcite. 



55 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0024] Catalyst B of the present invention described In (1 ) above has no cracking activity when used alone. It is an 
FCC catalyst of the so-called additive type, which is added to and used with an FCC catalyst such as Standard Catalyst 



EP 1 314 474 A1 



A described above, which has a cracking activity. 

[0025] Catalyst C described in (2) above Is one in which the active ingredient of Catalyst B has been dispersed in 
an inorganic oxide matrix and which has enhanced mechanical strength. Catalyst C also has no cracking activity when 
used alone. Like Catalyst B, Catalyst C is an FCC catalyst of the so-called additive type, which is added to and used 

5 with an FCC catalyst such as Standard Catalyst A. 

[0026] Catalyst D described in (3) above is one in which the active ingredient of Catalyst B has been dispersed in 
an inorganic oxide matrix together with a crystalline aluminosilicate zeolite, which has a cracking activity. Catalyst D 
has a cracking activity even when used alone, and can be used as an FCC catalyst of the so-called one-body type. 
[0027] The catalyst of the present invention comprising a compound of a bivalent metal or a compound of bivalent 

10 and trivalent metals showing an XRD pattern of a carbonate of the bivalent metal (hereinafter referred to as a "compound 
of bivalent and trivalent metals") and having on peak attributable to anion clay or the like is Catalyst B of the present 
invention. 

[0028] Any bivalent and trivalent metals can be used as the bivalent and trivalent metals. However, the bivalent metal 
is preferably at least one selected from the group consisting of Mg 2+ , Mn 2+ , Ca 2+ , Sr 2 *, Ba 2+ , Sn 2+ and Zn 2+ , and is 
15 more preferably at least one selected from the group consisting of Mn 2+ , Ca 2+ , Sr 2 +, Ba 2+ and Sn 2+ . The trivalent metal 
is preferably at least one selected from the group consisting of Al 3 * Fe 3 *, Cr 3 *, Co 3 ^, La 3 ^ Mn 3 *, Ti 3 * Ga 3 *, Sb 3 * 
and Bi 3 * and is more preferably at least one selected from the group consisting of Al 3+ and Mn 3+ . In particular, Al 3 * 
is the most preferable because it gives a large surface area. 

[0029] The compound of a bivalent metal and compound of bivalent and trivalent metals described above can be a 
20 compound of any desired combination of at least one of the metals enumerated above. 

[0030] Namely, the compound of a bivalent metal may be a compound having one of those bivalent metals as the 
only bivalent metal, or may be a composite compound having two or more of those in combination. In this case, the 
metals may be mixed in any proportion. 

[0031] As the compound of bivalent and trivalent metals, a combination of at least one member selected from Mn 2+ , 
25 Ca 2+ , Sr 2+ , Ba 2+ and Sn 2+ with Al 3+ is especially effective in deactivating catalyst poison metals and removing SO x 

because the catalyst efficiently adsorbs nickel oxides, vanadium oxides and sulfur oxides. In this case, at least two 

bivalent metals may be mixed in any proportion and at least two trivalent metals may be mixed in any proportion. 

However, the proportion of the bivalent metals to the trivalent metals to be mixed therewith is such that the bivalent 

metal/trivalent metal molar ratio is preferably from 0.5 to 1 0, more preferably from 2 to 5. 
30 [0032] When alumina is used as the inorganic oxide matrix in Catalysts C and D, the bivalent-metal compound among 

the metal compounds is preferably one having Ca 2+ , Sr 2+ or Ba 2+ because the catalyst has the high ability to deactivate 

catalyst poison metals. 

[0033] When the compound of a bivalent metal or the compound of bivalent and trivalent metals is used as Catalyst 
B, a suitable form of the compound is a particulate form having an average particle diameter equal to that of Standard 
35 Catalyst A or Catalyst C or D to be used in combination therewith, i.e., from 50 to 90 ujn, a bulk density of from 0.3 to 
1 .2 g/mL, and an oil absorption of 0.1 cc/g or more. 

[0034] On the other hand, when the compound is mixed with an inorganic oxide matrix, a crystalline aluminosilicate 
zeolite, etc. and used as a component of Catalyst C or D, a suitable form thereof is a particulate form having an average 
particle diameter of from 0.0001 to 60 urn, preferably from 0.001 to 30 u,m, and more preferably from 0.1 to 10 

40 When the particle diameter thereof exceeds 60 u,m, Catalyst C or D finally obtained is undesirable as an FCC catalyst 
from the standpoints of bulk density, catalyst strength, etc. because such a particle diameter is equal to the average 
particle diameter of Catalyst C or D. When the particle diameter thereof is smaller than 0.0001 ujti, handling is difficult. 
[0035] Examples of the compound of a bivalent metal and examples of the compound of bivalent and trivalent metals 
include oxides, carbonates, sulfates, halide salts, phosphates and the like. Among these, carbonates are preferable. 

^5 The carbonates may be synthetic ones or natural ones, and commercial products can be used as they are. 

[0036] When alumina is used as the inorganic oxide matrix in Catalysts C and D, preferable carbonates are calcium 
carbonate, strontium carbonate and barium carbonate, in which the bivalent metals are Ca 2+ , Sr 2+ and Ba 2+ , from the 
standpoints of not only the ability to deactivate catalyst poison metals but also catalyst abrasion strength. In particular, 
calcium carbonate is most preferable because it has a lower true specific gravity than strontium carbonate and barium 

50 carbonate, it prevents the finished catalyst from having an increased bulk density and makes catalyst preparation easy, 
and that calcium carbonate is innoxious, easy to handle, and easily available. 
[0037] Synthetic carbonates can be obtained, for example, as follows. 

[0038] The carbonate of a bivalent metal is obtained by adding an aqueous solution of a water-soluble salt of a 
bivalent metal to an aqueous solution of an alkali carbonate and regulating the pH thereof with an aqueous alkali 
55 solution to obtain a slurry of a crystalline carbonate. 

[0039] When at least two bivalent metals are used in combination, aqueous solutions of water-soluble salts of the 

at least two bivalent metals are mixed together beforehand and the mixture is treated in the same manner as that 
described above to thereby obtain a slurry. 
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[0040] A carbonate of bivalent and trivalent metals is obtained by mixing beforehand an aqueous solution of a water- 
soluble salt of at least one bivalent metal with an aqueous solution of a water- soluble salt of at least one trivalent metal 
and treating the mixture in the same manner as that described above to thereby obtain a slurry. 
[0041 ] The water-soluble salts described above may be either inorganic salts or organic salts. Examples of the coun- 
5 ter ions in the salts include P, CI', Br, [-, N0 3 *, C0 3 2 *, S0 4 2 *, PO4 3 -, CI0 4 , B0 3 2 ', CH 3 COO-, oxalic acid, salicylic acid 
and the like. Inexpensive CI", NO3-, S0 4 2 ' and C0 3 2 " are preferable. 

[0042] There are cases where acid ions come into the gel during slurry aging, depending on the kind of such counter 
ions, and the acid ions incorporated are difficult to remove completely. The residual acid ions may have adverse influ- 
ence on the product catalyst. N0 3 salts are the most preferable because the counter ion is apt to volatilize in a burning 

10 treatment and, hence, does not cause such a trouble. 

[0043] With respect to the aqueous solution of an alkali carbonate to which an aqueous solution of any of those 
water-soluble salts is to be added, carbonates in which the alkali ions (counter cations) are NH 4 , Na and K are preferable 
because they are generally inexpensive and easily available. However, when the aged slurry is used without being 
subjected to a washing treatment or the like, there are cases where ions come into the gel during aging, depending 

15 on the kind of the alkali, and have adverse influence on the product catalyst, as in the case of the salts of bivalent 
metals and trivalent metals described above. NH 4 salts are preferable because the counter ion is apt to volatilize in a 
burning treatment and, hence, does not cause such a trouble. 

[0044] The crystals in the thus-obtained slurry of a crystalline carbonate are subjected to aging. The aging is pref- 
erably carried out at a pH of from 6 to 1 4 and a temperature of from 0 to 1 00°C. The aging may be conducted for any 
20 time period. 

[0045] In general, longer aging periods are advantageous in obtaining larger crystal sizes (particle diameters), and 
shorter aging periods may be used in obtaining smaller crystal sizes. Furthermore, the higher the aging temperature 
is, the higher the crystallinity is. 

[0046] For obtaining crystal particles having the particle diameter shown above, it is preferable that the aging is 
25 carried out for 0.5 to 36 hours at a temperature of from 50 to 90°C and a pH of from 8 to 1 1 . Any crystalline carbonate 
thus obtained under such aging conditions is suitable for use as Catalyst B of the present invention or as a component 
of Catalyst C or D. 

[0047] After the crystal aging, the crystalline-carbonate slurry can be subjected, without any treatment, to drying and 
particle diameter regulation so as to be used as Catalyst B, or can be used, without any treatment, as a component of 
30 Catalyst C or D. However, it is preferable to use the slurry after it is washed with ammonia water or an aqueous 
ammonium salt solution and with water to remove metallic and other impurities which may have adverse influence on 
the catalyst. 

[0048] When the sluny is used as a component of Catalyst C or D, it may be regulated so as to have a smaller particle 
diameter than the FCC catalyst particles by subjecting the slurry to spray drying or to drying and subsequent milling 

35 or the like. However, from the standpoint of reducing the time period necessary for preparing Catalyst C or D, it is 
preferable to regulate the particle diameter beforehand to the size described above and use the slurry. 
[0049] The crystalline carbonate of a bivalent metal or of bivalent and trivalent metals considerably changes in its 
basic nature through a heat treatment, and the basic nature has great influences on the metal-deactivating ability 
[0050] The crystalline carbonate of a bivalent metal or of bivalent and trivalent metals used in the present invention 

40 can be dried and burned at a temperature of from 20 to 900°C. However, from the standpoint of enhancing the metal- 
deactivating ability, the treatment is conducted preferably at a temperature of from 300 to 800°C, more preferably from 
500 to 700°C. 

[0051] Examples of natural carbonates include ores, shells, and bones of animals. 

[0052] Examples of ores include calcite, Iceland spar, aragonite, limestone, marble, whiting, strontianite, witherite, 

45 rhodochrosite and the like. 

[0053] Any shells and animal bones can be used as the natural shells and animal bones. Examples Include shells 
of abalones, corbiculas, short-necked clams, clams, oysters, scallops, turbos and the like, and bones of cattle, pigs, 
horses, sheep, chickens, fishes and the like. They are easily available at low cost. In addition, when shells are used, 
they produce an effect that the abrasion strength of the catalyst can be enhanced. 

so [0054] The natural carbonates may be used alone, or at least two may be suitably selected therefrom and used as 
a mixture of these in an appropriate proportion. 

[0055] in the case of shells or bones, organic matters, water and the like are adhered thereto. It is therefore preferable 
to use shells or bones after they are washed, burned and then pulverized. The burning may be conducted under any 
conditions so long as the organic matters, water and the like can be removed. Suitable burning is conducted at a 
55 temperature of from 300 to 900°C for about from 10 minutes to 5 hours, preferably at a temperature of from 500 to 
800°C for about from 30 to 5 hours. 

[0056] The shells or bones which have been burned under such conditions can be relatively easily pulverized. They 
may be directly pulverized with a mi!!. Alternatively, they ere primarily crushed with a water Jet or the like and then 
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secondarily pulverized with a wet mill, or are primarily crushed with a hammer mill or the like and the secondarily 
pulverized with a dry mill. Thus, the burned shells or bones are regulated so as to have the average particle diameter 
described above. 

[0057] Catalysts B and C, which are of the additive type, desirably have the same material properties as Standard 
5 Catalyst A used in combination therewith or as Catalyst D, which is of the one-body type, used in combination therewith. 
When the catalysts differ from each other in strength, particle diameter or bulk density, there are cases where the 
catalysts do not evenly mix with each other and are unable to exhibit sufficient catalytic performance. 
[0058] The material properties of Catalysts A to D cannot be unconditionally determined because they vary depending 
on the kind of the FCC apparatus and operating conditions therefor. However, from the standpoint of obtaining satis- 
fy factory flowability in FCC apparatus, the catalysts generally preferably have an average particle diameter of from 50 
to 90 n.m, a bulk density of from 0.3 to 1 .2 g/mL, and an oil absorption of 0.1 cc/g or more, as described above. 
[0059] Catalyst C of the present invention comprises an inorganic oxide matrix and, dispersed therein, the compound 
of a bivalent metal or the compound of bivalent and trivalent metals, and has no FCC activity. Namely, it is a catalyst 
of the additive type which is added to and used with an FCC catalyst having an FCC activity, such as Standard Catalyst 
15 A, Catalyst D, etc. 

[0060] In Catalyst C, the amount of the metal compound is preferably from 1 to 90% by weight, and more preferably 
from 30 to 70% by weight, on a dry basis. When the amount thereof is less than 1% by weight, the metal-inactivating 
ability and SO x -adsorbing ability are low. Even when the amount thereof is increased to be more than 90% by weight, 
not only substantially no enhancement in effect is obtained but also the relatively reduced amount of the inorganic 
20 oxide leads to a decrease in the particle-bonding strength attributable to the inorganic oxide. 

[0061] Examples of the inorganic oxide in Catalyst C include known inorganic oxides used in ordinary cracking cat- 
alysts, such as silica, silica-alumina, alumina, silica-magnesia, alumina-magnesia, phosphorus-alumina, silica-zirconia, 
silica-magnesia-alumina and the like. A clay such as kaolin, halloysite, montmorillonite, or the like may be mixed with 
the inorganic oxides. 

25 [0062] An especially preferable example of Catalyst C is a catalyst comprising a combination of alumina as the 
inorganic oxide and calcium carbonate as the bivalent-metal compound, because it has the high ability to deactivate 
catalyst poisons. 

[0063] Catalyst C can be produced by adding the metal compound to the inorganic oxide, followed by evenly dis- 
persion, spray-drying the resulting mixture slurry in the usual manner, washing the resulting particles if necessary, and 

30 drying them again or drying/burning them. 

[0064] In this operation, the metal compounds of some kinds may be difficult, due to their basic nature, to evenly mix 
with the inorganic oxide or other catalyst ingredients optionally incorporated. In this case, it is preferable to reduce the 
basic nature of the metal compounds by coating with phosphoric acid, coating with alumina or the like. 
[0065] Catalyst D of the present invention comprises the compound of a bivalent meal or compound of bivalent and 

35 trivalent metals, a crystalline aluminosilicate zeolite, and an inorganic oxide matrix In which the metal compound and 
zeolite are dispersed. The catalyst has the metal-deactivating effect attributable to the metal compound and further 
has the FCC activity of the crystalline aluminosilicate zeolite. Catalyst D is hence a catalyst of the one-body type which 
can be used alone as an FCC catalyst. 

[0066] In Catalyst D, the amount of the metal compound is preferably from 0.01 to 20% by weight, more preferably 
40 from 0.1 to 1 0% by weight, and most preferably from 0.5 to 5% by weight, on a dry basis. 

[0067] When the amount thereof is less than 0.01% by weight, the metal -deactivating effect and SO x trapping are 
insufficient. When the amount thereof is more than 20% by weight, the relative content of the crystalline aluminosilicate 
zeolite or of the inorganic oxide decreases and the FCC activity and selectivity to gasoline are reduced. The results 
not only make it difficult to catalytically crack a feedstock oil in a desired manner but also cause problems, for example, 
45 that the catalyst strength decreases. 

[0068] The amount of the crystalline aluminosilicate zeolite in Catalyst D is preferably from 1 0 to 50% by weight, and 
more preferably from 20 to 40% by weight, on a dry basis. 

[0069] When the amount thereof is less than 1 0% by weight, the FCC activity and selectivity to gasoline are reduced, 
making it difficult to catalytically crack a feedstock oil in a desired manner. When the amount thereof is more than 50% 
so by weight, the relative content of the metal compound or of the inorganic oxide matrix decreases and the desired metal- 
deactivating effect is not obtained or the desired catalyst strength may not been obtained. 

[0070] Examples of the inorganic oxide in Catalyst D include the same inorganic oxides as those used in Catalyst 
C. Clays such as those for use in Catalyst C may be incorporated into the inorganic oxide. 

[0071] Examples of the crystalline aluminosilicate zeolite include zeolites X, zeolites Y, zeolites p, mordenite, zeolites 
55 ZSM, natural zeolites and the like. Similar to the ordinary FCC catalysts, the zeolites can be used in a form ion-ex- 
changed with a cation selected from hydrogen, ammonium and polyvalent metals. 

[0072] Zeolites Y are especially preferable, and zeolite USY, which has excellent hydrothermal stability, is most 
preferable. 
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[0073] The most preferable zeolite is a heat-shock crystalline aluminosilicate zeolite (hereinafter referred to as "HS 
zeolite") which is obtained by burning a stabilized zeolite Y having an SiO^AIgC^ moIar ratl ° of from 5 t0 15 » a unit 
lattice size of from 24.50 A to iess than 24.70 A, and an alkali metal content (in terms of oxide) of from 0.02% by weight 
to Jess than 1% by weight at from 600 to 1 ,2C0°C for from 5 to 300 minutes in an air or nitrogen atmosphere so as to 

s result in a decrease in the crystallinity of the stabilized zeolite Y of 20% or less. In the zeolite, the SiO^AIgOg molar 
ratio in the bulk is from 5 to 1 5 and the molar ratio of the aluminum present in the zeolite framework to all aluminum is 
from 0.3 to 0.6. The zeolite has a unit lattice size less than 24.45 A and an alkali metal content (in terms of oxide) of 
from 0.02% by weight to less than 1% by weight and has a pore distribution having characteristic peaks at around 50 
A and 1 80 A in which the volume of the pores of at least 1 00 A is from 1 0 to 40% of the total pore volume. The zeolite 

10 has an X-ray diffraction pattern which is a main pattern for zeolites Y (See Japanese Patent No. 2,544,31 7.) 

[0074] Catalyst D can be produced by adding the zeolite and the metal compound to an inorganic oxide, followed 
by even dispersion to thereby prepare a mixture slurry, and treating the slurry in the same manner as in the production 
of Catalyst C described above. 

[0075] In this production, the metal compound may be difficult, due to its basic nature, to evenly mix with the inorganic 
15 oxide or crystalline aluminosilicate zeolite or with other catalyst ingredients optionally incorporated. In this case, the 
basic nature of the metal compound can be reduced by coating with phosphoric acid, coating with alumina and the 
like, as in the production of Catalyst C. 

[0076] Standard Catalyst A, which may be used in combination with at least one of Catalysts B to D described above, 
comprises a matrix comprising an inorganic oxide and a crystalline aluminosilicate zeolite evenly dispersed in the 
20 matrix. Any of various cracking catalysts ordinary used can be used. 

[0077] Examples of the inorganic oxide and crystalline aluminosilicate zeolite include those which are the same as 
in Catalysts C and D of the present invention described above. 

[0078] In FCC catalysts ordinary used, the amount of the crystalline aluminosilicate zeolite dispersed in a matrix 
comprising the inorganic oxide or comprising it and a clay is about from 10 to 50% by weight, and preferably about 
25 from 20 to 40% by weight. In the present invention, however, the proportion of mixed Catalyst B, C or D should be 
taken into account because Catalyst B, C or D is used in combination with Standard Catalyst A. 
[0079] Specifically, it is suitable to regulate the amount of the crystalline aluminosilicate zeolite to at least 10% by 
weight, preferably from 1 0 to 50% by weight, and more preferably from 20 to 40% by weight, based on the total amount 
of Catalysts A, B, C and D. 

30 [0080] When the amount of the zeolite is less than 10% by weight, the desired FCC activity cannot be obtained. 
Even when the amount thereof is increased to be 50% by weight or more, the effect of mixing the zeolite Is not enhanced 
any more. Therefore, such large zeolite amounts are uneconomical. 

[0081] For obtaining the desired zeolite proportion, it is advantageous to regulate beforehand the zeolite amount in 
the FCC catalyst. 

35 [0082] Standard Catalyst A desired above can be produced by adding the crystalline aluminosilicate zeolite to the 
inorganic oxide, followed by even dispersion, spray-drying the resulting mixture slurry in the usual manner, washing 
the resulting particles if necessary, and drying these again or burning the particles after drying. 
[0083] The FCC method of the present invention is conducted using at least one of the additive type catalysts B and 
C described above and the one-body type Catalyst D described above in combination with Standard Catalyst A, or 

40 using the one-body type Catalyst D in combination with at least one of the additive type Catalysts B and C, or using 
the one-body type Catalyst D alone. 

[0084] When at least one of Catalysts B to D is used in combination with Standard Catalyst A, the proportions of the 
catalysts used are determined while taking account of the following. 

[0085] When Standard Catalyst A is used in combination with Catalyst D, any proportions thereof may be selected 

^5 according to the desired metal -deactivating ability and desired SO x -trapping ability. 

[0086] When either or both of Catalysts A and D are used in combination with either or both of Catalysts B and C, it 
is suitable that (either or both of Catalysts A and D)/(either or both of Catalysts B and C) is from 99.9/0.1 to 50/50, 
preferably from 99.5/0.5 to 80/20, and more preferably from 99/1 to 90/1 0, in terms of weight ratio. When either or both 
of the additive type Catalysts B and C account for more than a half of the total catalyst amount, the FCC activity and 

so selectivity to gasoline are reduced, making it difficult to cataiytically crack a feedstock oil in a desired manner. 

[0087] In the FCC method of the present invention, Catalysts A to D may be used as independent particulate catalysts 
in the proportion described above or used as particles of a catalyst mixture prepared beforehand in the proportion 
described above. FCC can be accomplished by bringing a heavy hydrocarbon oil as a feedstock oil into contact with 
the catalyst particles under FCC conditions. 

55 [0088] Examples of the heavy hydrocarbon oil is, for example, vacuum distillation gas oil, topping residue, vacuum 
distillation residue, a blend of these and the like. 

[0089] The FCC catalyst of the present Invention is effective even when a heavy hydrocarbon oil reduced In the 
contents of nickel or vanadium compounds and of sulfur compounds is used as a feedstock oil. However, the catsiyst 
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is extremely useful when it is used for the catalytic cracking of a low-quality heavy hydrocarbon oil containing catalyst 
poison metals and sulfur compounds in large amounts (e.g., having a sulfur content of 0.2% by weight or more and a 
metai content of 50 ppm (in terms of metal amount) or more). Consequently, the FCC method of the present invention 
can provide a remarkable effect when such a low-quality heavy hydrocarbon oii is used as a feedstock oil. 

s [0090] In practicing the FCC method of the present invention, the amount of the metal contaminants and sulfur 
compounds contained in the feedstock oil is taken into account. When the amount thereof is large, a mixture of Standard 
Catalyst A or one-body type Catalyst D with the additive type Catalyst B or C may be used so that the additive type 
Catalyst B or C is contained in an increased proportion. Thus, the decrease in FCC activity which may occur due to 
the relatively reduced amount of Standard Catalyst A or one-body Catalyst D can be compensated for by the increase 

10 in the amount of the crystalline aluminosilicate zeolite dispersed in Standard Catalyst A or one-body type Catalyst D. 
[0091] The FCC conditions used in the present invention can be FCC conditions ordinary used. Typical examples 
of the FCC conditions are as follows: 

Reaction temperature: 460-540°C 
15 WHSV: 4-20 hr 1 

Catalyst/oil ratio: 4-12 

[0092] In FCC processes, FCC catalysts which have been deactivated by coke deposition are generally regenerated 
by carbon burning and reused in FCC reactions. In the FCC catalyst and FCC method of the present invention, too, 
20 Standard Catalyst A, one-body type Catalyst D, and additive type Catalysts B and C which have been spent can be 
regenerated with an existing regenerator under usual regeneration conditions and reused. 

[0093] The regeneration is conducted at a temperature of from 600 to 750°C. Catalysts BtoD of the present invention 
show an excellent effect in trapping the SO x which generates during this regeneration. 

[0094] Catalysts B to D of the present invention deactivate catalyst poison metals contained in feedstock oils, e.g., 
25 nickel and vanadium, are reduced in the amount of hydrogen and coke yielded and excellent in cracking activity and 
bottom oil-treating ability, and can yield a gasoline and an LCO fraction in high yields. Furthermore, the catalysts can 
retain the performances on a high level over long and hence have an improved catalyst life. In addition, since the 
catalysts adsorb SO x in a large amount, they are effective in reducing the amount of SO x , contained in the discharge 
gas from the FCC apparatus. 

30 

EXAMPLES 
Catalyst preparation: 

35 1 . Preparation of crystalline metal compounds comprising bivalent metal or comprising bivalent and trivalent metals 
Example 1 

[0095] In a 3-liter (hereinafter, liter is referred to as "L" and milliliter is referred to as "mL") glass beaker containing 
40 1 ,000 mL of distillation-purified water, 271 .9 g of manganese sulfate pentahydrate was dissolved, followed by stirring 
with a magnetic stirrer for 1 5 minutes to prepare Solution A. Solution A had a pH of 4.54. 

[0096] In a 3-L glass beaker containing 1 ,000 mL of distillation-purified water, 125 g of aluminum sulfate octadec- 
ahydrate was dissolved, followed by stirring with a magnetic stirrer for 15 minutes to prepare Solution B. Solution B 
hadapH of 1.63. 

45 [0097] Solution A was mixed with Solution B in a 5-L glass beaker, heated to 80°C and stirred with a magnetic stirrer 
to prepare Solution C. 

[0098] In a 5-L glass beaker containing 1,000 mL of distillation-purified water, 113.8 g of sodium carbonate was 
dissolved, followed by heating to 80°C and stirring with an ultradisperser for 1 5 minutes to prepare Solution D. Solution 
DhadapH of 11.47. 

so [0099] Whiie stirring Solution D with an ultradisperser, Solution C was gradually added thereto with a feed pump. 
During the operation, ammonia water was also added to keep the pH of the solution mixture at 9. 
[0100] The solution mixture was subjected to aging with stirring at 80°C for 3 hours to yield a metal compound. 
[0101] After termination of the aging, the solution was filtered through a Buchner funnel. To the slurry (metal com- 
pound) separated, 2 L of distillation-purified water heated to 80°C was added. The resulting mixture was stirred and 

55 filtered. The operation was repeated to conduct washing twice. 

[0102] The slurry separated by filtration was dried at 100°C for about 24 hours to obtain a metal compound. 
[0103] The metal compound which had been dried was pulverized with a mill to a particle diameter of 1 5 u,m or (ess. 
[01043 The metal compound is referred to as MC-1 (Mr.-A!-C0 3 ). 
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[0105] APS (average particle diameter) and SA (specific surface area) of MC-1 were examined and the metal com- 
position was ascertained with an (CP apparatus. The results are shown in Table 1 . Before being examined by ICP, 
samples were subjected to a burning treatment at 1 ,1 QO'C for 2 hours as a pretreatment. 

[0106] Furthermore, an XRD apparatus was used to analyze the crystal structure. The results are shown in Fig. 1 . 
5 [0107] In Fig. 1 , the results of the analysis with the XRD apparatus are shown in the upper section, peak data are 
shown in the middle section, and the Mn-Al-C0 3 data from JCPDS-PDF (Joint Committee on Power Diffraction Stand- 
ards-Power Diffraction; data bank dealing with a collection of X-ray powder diffraction data) are shown in the lower 
section. 

[0108] Fig. 1 clearly shows that MC-1 has the crystal structure of a bivalent-metal carbonate. 

10 

Example 2 

[0109] Crystalline metal compounds were prepared in the same manner as in Example 1 , except that the bivalent 
metal was replaced with Ca 2+ , Sr 2 *, Ba 2+ or Sn 2+ by using the chloride or nitrate of the metal in Solution A in Example 

15 1 jn an amount equimolar to the manganese sulfate. 

[0110] The crystalline metal compounds prepared using Ca 2+ , Sr 2+ , Ba 2+ and Sn 2+ as bivalent metals are referred 
to as MC-2 (Ca-Al-C0 3 ), MC-3 (Sr-Al-C0 3 ), MC-4 (Ba-Al-C0 3 ) and MC-5 (Sn-Al-C0 3 ), respectively. 
[0111] APS and SA of MC-2, MC-3, MC-4 and MC-5 were examined, and the metal compositions were ascertained 
with an ICP apparatus. The results are shown in Table 1 . 

20 [01 1 2] Furthermore, an XRD apparatus was used to analyze the crystal structures of MC-2 to MC-4. The results are 
shown in Figs. 2 to 4. In Figs. 2 to 4, the data in the upper, middle, and lower sections have the same meanings as in 
Fig. 1 . Figs. 2 to 4 clearly show that each of MC-2 to MC-4 has the crystal structure of a bivalent-metal carbonate. 

Example 3 

25 

[0113] A crystalline metal compound was prepared in the same manner as in Example 1 , except that the trivalent 
metal was replaced with an other metal by using the sulfate or nitrate of the trivalent metal in Solution B in Example 1 
in an amount equimolar to the aluminum sulfate. 

[01 1 4] The crystalline metal compound prepared using Mn 3+ as a trivalent metal is referred to as MC-6 (Mn-Mn-C0 3 ). 
30 [0115] APS and SA of MC-6 was examined, and the metal composition was ascertained with an ICP apparatus. The 
results are shown in Table 1 . 

Example 4 

35 [01 16] The first-grade reagent of calcium carbonate manufactured by Kanto Chemical Co. , Inc. is referred to as MC- 
7 (CaC0 3 ); and powders prepared from scallop shells and oystershells by burning at 700°C for 2 hours and subsequent 
pulverization are referred to as MC-8 (CaC0 3 ) and MC-9 (CaC0 3 ), respectively. 

[0117] APS and SA of MC-7, MC-8 and MC-9 were examined, and the metal compositions were ascertained with 
an ICP apparatus. The results are shown in Table 1 . 
40 [01 1 8] Furthermore, an XRD apparatus was used to analyze the crystal structures of MC-7 to MC-9. The results are 
shown in Figs. 5 to 7. In Figs. 5 to 7, the data in the upper, middle, and lower sections have the same meanings as in 
Fig. 1 . Figs. 5 to 7 clearly show that each of MC-7 to MC-9 has the crystal structure of a bivalent-metal carbonate. 
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Table 1 dry basis (wt%) 





Hydro- 

t» u ^ w fc#w 


MC-1 


MC-2 


MC-3 


MC-4 


A1 2 0 3 


^ A 7 


XO . JO 




24 53 


15 61 


Mgo 


OU 










Mn 2 0 3 




77. 32 








CaO 






DO . Oi 






Sr 2 0 3 








"JO Q1 

/ o. 31 




BaO 


- 








84.03 


Sn0 2 












Na 2 0 


- 




1.56 


1.56 


0.36 


K 2 0 


. - 










APS (pm) 


0.5 


2 


3.6 


1.3 


1.1 


SA (m 2 /g) 


150 


104 


27 


24 


32 






Table 1 (Cont'd) 


dry basis (wt%) 






MC-6 


MC-7 


MC-8 


MC-9 


A1 2 0 3 


1 A HQ 






0.4 


0.3 


MgO 








0.11 


0.1 


Mn 2 o 3 




98.45 




0.04 


0.06 


Pan 






99.5 


96.11 


92.45 


2 W 3 








0.1 




BaO 












Sn0 2 


89.89 










Na 2 0 


0.08 






0.3 


0.35 


K 2 0 








0.06 


0.07 


APS {pm) 


1.6 


1.5 


1.7 


2.7 


3.5 


SA (m 2 /g) 


53 


12 


2 


5.9 


6.9 



2. Preparation of catalysts 
Example 5 

[0119] To 400 g of a silica hydrosol containing 10% by weight Si0 2 , 64 g of HS zeolite and 86 g of kaolin day on a 
dry basts were added to thereby obtain a mixture slurry. 

[0120] The mixture slurry was spray-dried so as to result in particles having an average particle diameter of S8±5 
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urn. The particles were washed and then dried again to obtain Standard Catalyst A. 

[0121] Standard Catalyst A is referred to as Base 1 . It was used as a reference mainly for comparison with one-body 
type Catalyst D. 

[0122] On the other hand, Standard Cataiyst A was produced on a commercial scale in an amount of about 1 00 tons 
5 through one operation. The catalyst is referred to as Base 2. It was used as a reference mainly for the evaluation of 
additive-type Catalysts B and C. 

[0123] APS, SA, ABD (apparent bulk density) and PV (pore volume) of Standard Catalysts A (Bases 1 and 2) were 
examined. The results are shown in Tables 2 and 3. 

10 Example 6 

[0124] To 400 g of a silica hydrosol containing 10% by weight Si0 2 , 64 g of HS zeolite and 86 g of kaolin day on a 
dp/ basis were added, and 1 0 g of a metal compound having a particle diameter of 15 jim or less prepared in Examples 
1 and 2 was prepared to thereby obtain a mixture slurry. 
is [0125] The mixture slurry was spray-dried so as to result in particles having an average particle diameter of 68±5 
fim. The particles were washed and then dried again to obtain one-body type Catalyst D having the metal compound 
fixed thereto. 

[0126] One-body type catalysts using MC-1 , MC-2, MC-5, MC-7 and hydrotalcite KW-2200 manufactured by Kyowa 
Chemical Co., Ltd. as the metal compound are referred to as Catalysts D1 , D2, D3, D4 and X, respectively. 
20 [0127] APS, SA, ABD and PVC of Catalysts D1 , D2, D3 and D4 were examined. The results are all shown in Table 2. 
[0128] Furthermore, the metal compositions were ascertained with an ICP apparatus. As a result, the catalysts were 
ascertained to contain the metal compounds in an amount of about 5% by weight on a dry basis. 
[0129] The hydrotalcite KW-2200, manufactured by Kyowa Chemical Co., Ltd., was dried at 100°C. Thereafter, the 
hydrotalcite was examined by XRD and the hydrotalcite structure was ascertained. The results are shown in Fig. 8. 

25 



Table 2 





Catalyst name 


Base 1 


X 


Dl 


30 


Catalyst composition: 










Metal deactivator 




hydrotalcite 


MC-1 




Binder 


silica 


silica 


silica 


35 


Zeolite 


HS zeolite 


HS 2eolite 


HS zeolite 




Matrix 


kaolin 


kaolin 


kaolin 




Catalyst property: 








40 


APS (/im) 


68 


71 


70 




SA (m 2 /g) 


223.9 


185.5 


212.2 




ABD (g/mL) 


0.78 


0.71 


0.71 


45 


PV (mL/g) 


0.16 


0,14 


0.16 



50 



55 
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Table 2 (Cont'd) 



Catalyst name 


D2 


D3 


D4 


Catalyst composition: 








Metal deactivator 


MC-2 


MC-5 


MC-7 


Binder 


silica 


silica 


silica 


Zeolite 


HS zeolite 


HS zeolite 


HS zeolite 


Matrix 


kaolin 


kaolin 


kaolin 


Catalyst property: 








APS (pm) 


70 


70 


68 


SA (mVg) 


178.4 


193 


133 


ABD (g/mL) 


0.73 


0.75 


0.69 


PV (mL/g) 


0.16 


0.15 


0.16 



Example 7 

[0130] To 600 g of a silica hydrosol containing 10% by weight Si0 2 , 40 g on a dry basis of a metal compound having 
a particle diameter of 15 u.m or less prepared in Examples 1 to 4 was added to thereby obtain a mixture slurry. 
[0131] The mixture slurry was spray-dried so as to result in particles having an average particle diameter of 68±5 
ujn. The particles were washed and then dried to obtain additive type Catalyst C having the metal compound fixed 
thereto. 

[0132] Additive type Catalysts C using MC-1 and hydrotalcite KW-2200 manufactured by Kyowa Chemical Co., Ltd. 
as the metal compound are referred to as Catalysts C1 and Y, respectively. 

[0133] APS, SA, ABD and PV of Catalysts C1 and Y were examined. The results are shown in Table 3. 

[0134] Furthermore, the metal compositions were ascertained with an ICP apparatus. As a result, the catalysts were 

ascertained to contain the metal compounds in an amount of about 40% by weight on a dry basis. 



Table 3 



Catalyst name 


Base 2 


Y 


C1 


Additive composition: 








Metal deactivator 




hydrotalcite 


MC-1 


Binder 




silica 


silica 


Zeolite 








Matrix 








Catalyst property: 








APS ^m) 


65 


67 


67 


SA (m2/g) 


189.2 


83.2 


97.6 


ABD (g/mL) 


0.72 


0.64 


0.67 


PV (miyg) 


0.15 


0.22 


0.245 


Additive proportion: 








Base 2 (wt%) 


100 


90 


90 


Additive type (wt%) 


0 


10 


10 



Example 8 

[0135] To 3 kg of an alumina hydroge! slurry containing 10% by weight A! 2 0 3 , 200 g on a dry basis of a metal com- 
pound having a particle diameter of 1 5 u,m or less prepared in Examples 1 to 4 was added. The slurry was spray-dried 
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so as to result in particles having an average particle diameter of 68+5 um Thus, an additive type Catalyst C having 
the metal compound fixed thereto was obtained. 

[0136] Additive type catalysts were obtained using MC-1 , MC-2, MC-3, MC-4, MC-5, MC-6, MC-7, MC-8 and MC-9 
as the metai compound are referred to as Catalysts C2, C3, C4, C5, C6, C7, C8, C9 and CIO, respectively. 
s [0137] APS, SA, ABD and PV of Catalysts C2, C3, C4, C5, C6, C7, C8, C9 and C1 0 were examined. Catalysts C3, 
C8, C9 and C10 were further examined for catalyst abrasion strength [initial fine (referred to as "IF") and average 
attrition loss (referred to as "AL")]. The results are shown in Table 4. 

[0138] Furthermore, the metal compositions were ascertained with an ICP apparatus. As a result, the catalysts were 
ascertained to contain the metal compounds in an amount of about 40% by weight on a dry basis. 
10 [0139] Moreover, 3 kg of an alumina hydrogel slurry containing 1 0% by weight Al 2 0 3 was spray-dried so as to result 
in particles having an average particle diameter of 68±5 jam. The catalyst thus obtained is referred to as Catalyst Z. 
[0140] APS, SA, ABD and PV of Catalyst Z was examined. The results are shown in Table 4. 



Table 4 





Catalyst name 


Base 2 


Z 


C2 


C3 


20 


Additive composition: 
Metal deactivator 
Kind of binder 
Zeolite 
Matrix 




alumina 


MC-1 
alumina 


MC-2 
alumina 


25 


Catalyst property: 
APS (pro) 
SA (mVg) 
ABD (g/mL) 
PV (mL/g) 
IF 
AL 


65 
189.2 
0.72 
0.15 


69 
259 
0.54 
0.652 


68 
205 
0.5 
0.715 


64 
184 
0.67 
0.322 
17.87 
20.61 


30 


Additive proportion: 
Base 2 (wt%) 
Additive type (wt%) 


! ioo 

0 


90 
10 


90 
10 


90 
10 






Table 4 i 


Cont'd) 


35 


Catalyst name 


C4 


C5 


C6 


C7 




Additive composition: 
Metal deactivator 
Kind of binder 
Zeolite 
Matrix 


MC-3 
alumina 


MC-4 
alumina 


MC-5 
alumina 


MC-6 
alumina 


40 

45 


Catalyst property: 
APS (/Jin) 
SA (m 2 /g) 
ABD (g/znL) 
PV (mL/g) 
IF 
AL 


65 
201 
0.67 
0.271 


68 
174 
0.78 
0.294 


65 
186 
0.84 
0.28 


67 
145 
0.7 
0.23 




Additive proportion: 
Base 2 (wt%) 
Additive type (wt%) 


90 
10 


90 
10 


90 
10 


90 
10 



50 
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Table 4 < 


Cont'd) 




Catalyst name 


C8 


C9 


C10 


5 


Additive composition: 
Metal deactivator 
Kind of binder 


MC-7 
alumina 


MC-8 
alumina 


MC-9 
alumina 




Zeolite 










Matrix 








10 


Catalyst property: 
APS (ivm) 
SA (mVg) 
ABD (g/mL) 
PV (mL/g) 
IF 


/ J 

133 
0.78 
0.201 
12.6 


69 
176.7 
0.81 
0.207 
6.63 


68 
192.5 
0.83 
0.195 
7.01 




AL 


17.65 


3.14 


2.87 


15 


Additive proportion: 
Base 2 (wt%) 
Additive type (wt%) 


90 
10 


90 
10 


90 
10 



20 3. Analytical Instruments, analytical conditions, etc. 

[0141] The instruments and expressions for calculation or the like used in the analyses described above are as 
follows. 

25 |CP (compositional analysis): 
[0142] 

"IRIS Advantage" manufactured by Thermo Jarrell Ash APS (average particle diameter): 
30 "Electromagnetic Vibrating Microsifter Type M-2" manufactured by Tsutsui Rikagaku Kiki K.K. 

SA (specific surface area): 

[0143] 

35 

"BELSORP 28" (high-precision, fully automatic gas adsorber) manufactured by Bel Japan Inc. 
ABD (apparent bulk density): 
40 [0144] 

"Bulk Density Meter" manufactured by Tokyo Kuramochi Kagaku Kikai Seisakusho (JIS Z 2504) 
PV (pore volume): 

45 

[0145] 

"MICROMERITICS AUTOPORE II 9220" manufactured by Shimadzu Corp. 
so IF (initial fine): 
[0146] 

[(Fine particles in 0-12 hours (dry g))/(sample amount)] x 100 
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AL (average attrition loss)*: 
[0147] 

s [(Fine particles in 12-42 hours (dry g))/(samp!e amount)] x 100 

[01 48] * The initial fine and average attrition loss were determined through a catalyst abrasion strength test conducted 
as follows and through calculation. 

[01 49] Fifty grams of a catalyst (sample) was treated by heating at 500°C for 5 hours, 5 g of water was added thereto, 
10 and the catalyst was flowed through a catalyst pipe at a flow rate of 0.1 02 m/sec. The amount of fine particles (dry g) 
present in the catalyst pipe was measured at the time when 12 hours had passed since initiation of the flowing (0-12 
hours) and at the time when 42 hours had passed thereafter (12-42 hours). The initial fine and average attrition loss 
were calculated using the expressions given above. 
XRD* apparatus: 

15 

"RINT 2500V" manufactured by Rigaku Corp. 

[01 50] * XRD analysis was conducted under the following conditions using a sample prepared by drying each catalyst 
at 100°C for 24 hours: 

20 

Tube voltage: 50 kV 
Tube current: 300 mA 
Scanning mode: continuous 
Scanning speed: 2°/min 
25 Scanning step: 0.02° 

Range of scanning (26): 5-90° 
Divergence/scattering slit: 1° 
Light-receiving slit: 0.3 mm 

30 4. MAT activity test 

Evaluation conditions: 

[0151] The catalysts obtained in Examples 5 to 8 were subjected to the following simulated equilibration treatment. 
35 Thereafter, the catalysts were evaluated for FCC activity and metal-deactivating ability using a fixed-bed micro activity 
test apparatus in accordance with ASTM (3907) and using hydrocarbon oils having the properties shown in Table 5 
under the following test conditions. 

Conditions for simulated equilibration treatment: 

40 

[0152] Each fresh catalyst was heated from room temperature to 500°C over 30 minutes and held at 500°C for 5 
hours to burn it. 

[0153] Thereafter, a cyclohexane solution containing nickel naphthenate and vanadium naphthenate in given 
amounts (1 ,000 and 2,000 ppm by weight) was infiltrated into each catalyst. 
45 [01 54] The catalyst was dried at 1 00°C t subsequently heated from room temperature to 500°C over 30 minutes, and 
then held at 500°C for 5 hours to burn it again. 

[0155] Subsequently, each catalyst in a fluidized state was heated from room temperature to 800°C over 90 minutes 
in an air atmosphere. After the temperature had reached 800°C, the atmosphere was replaced with a 100% steam 
atmosphere to treat the catalyst therewith for 6 hours. 
so [0156] After this steam treatment, each catalyst was evaluated for FCC activity. 

[0157] In evaluating the metal-deactivating ability of each catalyst, the provided amounts of nickel and vanadium on 
the catalyst were regulated to 0 and 0 ppm by weight, 1 ,000 and 2,000 ppm by weight, 2,000 and 4,000 ppm by weight, 
or 3,000 and 6,000 ppm by weight. 
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Table 5 



5 


Hydrocarbon oils tested: vacuum distillation c 


jas oils 




Sample 




1 


2 




Density 15°C g/cm 3 


0.8959 


0.8819 




Vacuum distillation 






10 


IBP 


319 


294 




5% °C 


362 


352 




10% °C 


383 


367 




20% °C 


406 


390 




30% °C 


421 


402 


15 


40% °C 


433 


415 




50% °C 


446 


424 




60% °C 


460 


436 




70% °C 


481 


451 


20 


80% °C 


509 


471 




90% °C 


566 


506 




95% °C 




531 




97% °C 




544 




End point °C 


605 


548 


25 


Total distillate amount % 


93.5 


98.5 




Residue amount % 


6.5 


1.5 




Loss % 


00 






Pour point °C 


33 


35 


30 


Dynamic viscosity 50°C mm 2 /S 


34.54 


18.67 




Nitrogen content 


0.05 


0.02 




(chemiluminescence method) wt% 








Sulfur content (X-ray method) wt% 


0.15 


0.01 




Refractive index 70nD 


1.48 


1.47 


35 


Density 70°C g/cm 3 


0.86 


0.84 




Molecular weight 


475 


402 




(calculated from viscosity) 








Asphaltene (UOP) wt% 


0.38 




40 


n-d-m (70°C) %CA 


15.2 


12.8 


%CN 


14.6 


18.8 




%CP 


70.2 


68.4 




Aniline point (U-tube method) °C 


95.4 


94.5 




Dynamic viscosity 75° C mm 2 /S 


14.56 


8.77 


45 


Dynamic viscosity 1 00°C mm 2 /S 


7.67 


4.99 




Basic nitrogen wt% 




0.0014 




Bromine number gBrg/IOOg 




1.90 




Hydrogen content wt% 




13.03 


50 


Carbon residue content wt% 


1.25 


0.08 









Test conditions: Fixed bed 



Reaction temperature: 500°C 
Catalyst/hydrocarbon oil weight ratio: 2.5, 3.0, 3.5 
Test period: 75 seconds 
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5. Evaluation of catalyst performance 
Example 9 

[0158] One-body type Catalysts D1, D2, D3 and D4 containing MC-1, MC-2, MC-5 and MC-7, respectively, were 
subjected to the simulated equilibration treatment and then to the MAT activity test using Sample 2. The results are 
shown in Table 21. 

Example 1 0 

[0159] Catalyst X was subjected to the simulated equilibration treatment and then to the MAT activity test using 
Sample 2. The results are also shown in Table 21 . 



Tab] 


Le 21 


Catalyst name 


Base 1 


X 


Dl 


Metal deactivator name 




Hydrotalcite 


MC-1 


Conversion (wt% ) : 








Catalyst/oil 


3 


3 


3 


Metal provided amount: 








Ni/V (ppm) 








0/0 


73.13 


58.56 


73.49 


1000/2000 


67.70 


56.34 


68.83 


2000/4000 


55.50 


49.53 


60.25 


3000/6000 


30.64 


36.16 


54.43 


Selectivity (wt%): 








Metal provided amount: Ni/V = 


= 2000/4000 


(PP m ) 




Conversion (wt%) 


60.00 


60.00 


60.00 


Yield of each ingredient (wt%) 








H 2 


0.20 


0.36 


0.16 


Cl-2 


1.43 


2.02 


1.31 


LPG 


11.93 


12.49 


.12.05 


GASO 


43.39 


40.39 


43.79 


LCO 


24.38 


20.51 


25.71 


HCO+ 


15.62 


19.49 


14.29 


COKE 


3.05 


4.74 


2.69 


RON 


88.49 


88.41 


88.40 
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Table 21 ( Co nt'd) 



Catalyst name 


D2 


D3 


D4 


Metal deactivator name 


MC-2 


MC-5 


MC-7 


Conver s ion ( wt % ) : 








Catalyst/oil 


3 


3 


3 


Metal provided amount: 








Ni/V (ppm) 








0/0 


72.62 


72.71 


72.19 


1000/2000 


67.97 


68.70 


67.72 


2000/4000 


57.48 


58.90 


55.95 


3000/6000 


46.43 


51.28 


41.68 


Selectivity (wt%): 








Metal provided amount: Ni/V = 2000/4000 


(ppm) 




Conversion (wt%) 


60.00 


60.00 


60.00 


Yield of each ingredient (wt%) 








H 3 


0.19 


0.17 


0.21 


Cl-2 


1.41 


1.31 


1.56 


LPG 


11.92 


12.36 


12.99 


GASO 


43.59 


43.18 


42.03 


LCO 


24.60 


25.23 


22.98 


HCO+ 


15.40 


14.77 


17.02 


COKE 


2.89 


2.98 


3.21 


RON 


88.53 


88.38 


88.46 



Example 11 

[0160] Additive type Catalyst C1 containing MC-1 was physically mixed in an amount of 1 0% by weight with Catalyst 
Base 2. The resulting catalyst was subjected to the simulated equilibration treatment and then to the MAT activity test 
using Sample 2. The results are shown in Table 31 . 

Example 12 

[01 61] Additive type Catalyst Y containing hydrotalcite KW-2200 was physically mixed in an amount of 1 0% by weight 
with Catalyst Base 2. The resulting catalyst was subjected to the simulated equilibration treatment and then to the MAT 
activity test using Sample 2. The results are also shown in Table 31 . 



Table 31 



Catalyst name 


Base 2 


Y 


C1 


Metal deactivator name 




Hydrotalcite 


MC-1 


Conversion (wt%): 








Catalyst/oil 


3 


3 


3 


Metal provided amount: 








Ni/V (ppm) 








0/0 


70.93 


66.71 


70.19 


1000/2000 


63.21 


56.29 


64.89 


2000/4000 


51.65 


48.18 


58.70 


3000/6000 


27.36 


35.52 


51.98 


Selectivity (wt%): 








Metal provided amount: Ni/V = 


= 2000/4000 (ppm) 




Conversion (wt%) 

Yield of each ingredient (wt%) 


60.00 


60.00 


60.00 
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Table 31 (continued) 



5 



10 



f!atal\/Qt namp 


I 


Y 


C1 


I 

Metal deactivator name 




Hydrotalcite 


MC-1 






ft OQ 


U. TO 


C1-2 


1.28 


1.30 


1.23 


LPG 


12.06 


12.08 


12.56 


GASO 


43.47 


43.36 


43.59 


LCO 


24.76 


24.67 


26.57 


HCO+ 


15.24 


15.33 


13.43 


COKE 


2.99 


2.97 


2.47 


RON 


88.43 


88.35 


88.65 



Example 13 

[0162] Additive type Catalysts C2, C3, C4, C5, C6, C7, C8, C9 and C1 0 containing MC-1 , MC-2, MC-3, MC-4, MC- 
5, MC-6, MC-7, MC-8 and MC-9, respectively, were physically mixed in an amount of 10% by weight with Catalyst 
Base 2. The resulting catalysts were subjected to the simulated equilibration treatment and then to the MAT activity 
test using Sample 1 . The results are shown in Table 41 . 

Example 14 

[0163] Additive type Catalyst Z was physically mixed in an amount of 10% by weight with Catalyst Base 2. The 
resulting catalyst was subjected to the simulated equilibration treatment and then to the MAT activity test using Sample 
1 . The results are also shown in Table 41 . 



55 
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Table 41 (1) 



Catalyst name 
Metal deactivator name 



Base 2 



C2 
MC-1 



C3 
MC-2 



Conversion (wt%): 
Catalyst/oil ' 
Metal provided amount: 
Ni/V (ppm) 
0/0 
1000/2000 
2000/4000 
3000/6000 



67.71 
59.96 
48.77 
23.51 



67.29 
62.48 
53.43 
35.45 



68.07 
66.62 
62.38 
61.03 



67.21 
65.68 
64.08 
61.99 



Selectivity (wt%): 

Metal provided amount: Ni/V 



1000/2000 (ppm) 



Conversion 


(Wt%> 






60.00 


60.00 


60.00 


60.00 


yield of each ingredient 


(wtft) 












H a 








0.35 


0.43 


0.20 


0.15 


Cl-2 








0.84 


0.96 


0.83 


0.76 


I*PG 








12.50 


11.61 


12.27 


12.26 


6AS0 








43.81 


43.50 


44.78 


44.97 


LCO 








27.97 


29.34 


29.78 


29.63 


HCO+ 








12.03 


10.66 


10.22 


10.37 


COKE 








2.50 


3.50 


1.92 


1.86 


RON 








89.37 


89.41 


89.06 


89.58 


Selectivity 


(wt%) : 














Metal provided amount 


: Ni/V = 


3000/6000 


[ppm) 






Conversion 


(wt%) 






60.00 


60.00 


60.00 


60.00 


Yield of each ingredient 


(wt%) 












H, 












0.33 


0.36 


Cl-2 












0.91 


0.91 


LPG 












12.93 


12.62 


GASO 












43.38 


43.77 


LCO 












27.79 


26.68 


HCO+ 












12.21 


13.32 


COKE 












2.45 


2.34 


RON 












89.52 


89.81 
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Table 41 (2) 





Catalyst name 




C4 


C5 


C6 


C7 


5 


Metal deactivator name 




MC-3 


MC-4 


MC-5 


MC-6 




Conversion (wt% ) : 














Catalyst/oil 




3 


3 


3 


3 


IV 


Metal provided amount: 












Ni/V (ppm) 














0/0 




67.33 


67.80 


67.36 


67.45 




1000/2000 




65.97 


66.14 


64.81 


63.49 


15 


2000/4000 




63.89 


63.83 


57.65 


58.40 




3000/6000 




62.43 


61.81 


43.18 


50.22 




Selectivity (wt%): 














Metal provided amount: Ni/V = 


1000/2000 


(ppm) 






20 


Conversion (wt%) 

Yield of each ingredient (wt%) 




60.00 


60.00 


60.00 


60.00 




H a 




0.16 


0.15 


0.22 


0.26 


25 


Cl-2 




0.79 


0.85 


0.81 


0.71 


I-PG 




12.28 


12.08 


12.71 


11.96 




GASO 




44.87 


44.86 


44.02 


44.93 




LCO 




29.91 


29.69 


28.91 


29.51 


30 


HCO+ 




10.09 


10.31 


11.09 


10.49 




COKE 




1.90 


2.06 


2.24 


2.14 




RON 




89.33 


89.30 


89.21 


89.17 




Selectivity (wt%): 












35 


Metal provided amount: Ni/V ° 


3000/6000 


(ppm) 








Conversion (wtft) 




60.00 


60.00 


60.00 


60.00 




Yield of each ingredient (wt%) 












40 


H 2 




0.32 


0.30 


- 


- 


Cl-2 




0.87 


0.92 








LPG 




12.82 


12.73 








GASO 




43.64 


43.67 






45 


LCO 




26.82 


26.96 








HCO+ 




13.18 


13.04 








COKE 




2.35 


2.38 








RON 




89.67 


89.62 







50 



55 
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Table 41 (3) 



Catalyst name 






C8 


C9 


C10 


Metal deactivator name 




MC-7 


MC-8 


MC-9 


Conversion (vrc*): 












^auaiyoVf oil 






3 


3 


3 


Metal proviGQQ aiuoun t, • 












Nl/v (ppm) 












0/0 






67.55 


68.32 


67.75 


1000/2000 






65.74 


66.09 


65.92 


2000/4000 






63.98 


63.92 


64.21 


3000/6000 






61.54 


62.07 


61.84 


Selectivity (wt%)s 












Metal provided amount 


: Ni/V o 


1000/2000 (ppm) 




Conversion (wt%) 






60.00 


60.00 


60 • 00 


Yield of each ingredient 


(wt%) 










H, 






0.14 


0.14 


0 15 


Cl-2 






0.78 


0.77 


0.79 


LPG 






12.33 


12.32 


12.29 


GASO 






44.89 


44.96 


44.90 


LCO 






29.81 


29.92 


29.87 


HCO+ 






10.21 


10.13 


10.28 


COKE 






1.84 


1.76 


1.72 


RON 






89.43 


89.41 


89.38 


Selectivity (wt% ) : 












Metal provided amount 


: Nl/v = 


3000/6000 (ppm) 




Conversion (wt%) 






60.00 


60.00 


60.00 


yield of each ingredient 


(wt%> 










H 3 






0.29 


0.30 


0.31 


Cl-2 






0.90 


0.91 


0.92 


LPG 






12.58 


12.69 


12.49 


GASO 






43.66 


43.87 


43.91 


LCO 






28.09 


27.97 


27.92 


HC0+ 






12.30 


12.21 


12.12 


COKE 






2.18 


2.05 


2.33 


RON 






89.75 


89.67 


89.52 



10 



15 



20 



25 



30 



35 



40 



45 



50 



6. Bench-scale plant activity test evaluation 



[0164] A bench-scale plant comprising a circulating fluidized-bed reactor equipped with a reaction vessel and a 
55 catalyst regenerator was used to conduct a test for evaluating the activity of catalysts. 

[0165] Prior to the test, Catalysts (Base 2, C3, C8 and C9) were subjected to the following circulating simulated 

equilibration. 

[0166] As a feedstock oil was used the desuifurlzed vacuum distillation gas oil shown in Table 6. The test conditions 
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used are as follows. 

[0167] The test was conducted under conditions of a catalyst/hydrocarbon oil (weight ratio) of each of 6, 8, 10 and 
12, and the results were compared to evaluate the activity. 

5 Reaction temperature: 500°C 

Cataiyst/hydrocarbon oil weight ratio: 6, 8, 10, 12 
Catalyst circulation amount: 60 g/min 

Circulating simulated equilibration: 

10 

[0168] The method and apparatus described in JP-A-11-179192 (Japanese Patent Application No. 352940/1997) 
were used. A fresh catalyst or a mixed catalyst composed of a fresh catalyst and a metal-provided catalyst was heated 
to 775°C and burned/steam -treated In an atmosphere of 50% air and 50% steam (heating/burning/stream treatment 
step). Thereafter, the mixed catalyst was cooled to room temperature, and a metal solution was atomized with nitrogen 
is gas and adhered to the catalyst. The catalyst was dried at 250°C and the solvent vapor was separated with stripping 
with nitrogen gas (stripping step). The operation was repeated for 6 hours per day over 10 days. 

Standard conditions: 

20 [0169] A treatment was conducted under the same conditions as in the circulating simulated equilibration described 
above, except that the average provided amounts of nickel and vanadium were regulated to 2,500 and 5,000 ppm by 
weight, respectively, and the average steam treatment period was changed to 20 hours. 

Catalyst life doubting conditions: 

25 

[0170] A treatment was conducted under the same conditions as the standard conditions, except that the average 
provided amounts of nickel and vanadium were regulated to 5,000 and 10,000 ppm by weight, respectively, and the 
average steam treatment period was changed to 40 hours. 

[0171] In the treatment conducted under the standard conditions and that conducted under the catalyst life doubling 
30 conditions, the metal sources used were naphthenic acid compounds diluted with toluene as in the Mitchell method. 



Table 6 



Hydrocarbon oils tested: vacuum distillation gas oil 




Sample 3 


Density 15°C g/cm 3 


0.9094 


Vacuum distillation 




IBP 


330 


5% °C 


366 


10% °C 


382 


20% °C 


406 


30% °C 


424 


40% °C 


443 


50% °C 


465 


60% °C 


488 


70% °C 


518 


80% °C 


553 


End point °C 


575 


Total distillate amount % 


85.0 


Residue amount % 


15.0 


Loss % 


0 


Pour point °C 


20 


Dynamic viscosity 50°C mm 2 /S 


56.22 


Nitrogen content (chemiluminescence method) wt% 


0.089 


Sulfur content (X-ray method) wt% 


0.20 
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Table 6 (continued) 





Hydrocarbon oils tested: vacuum distillation gas oil 




Sample 3 


5 


Refractive index 70nD 


1.487 




Density 70°C g/cm 3 


0.8709 




Molecular weight (calculated from viscosity) 


498 




Asphaltene (UOP) wt% 


0.66 


10 


n-d-m (70°C) %CA 


16.6 


%CN 


16.0 




%CP 


67.4 




Aniline point (U-tube method) °C 


95.1 




Dynamic viscosity 75°C mm 2 /S 




15 


Dynamic viscosity 100°C mm 2 /S 


10.250 




Basic nitrogen wt% 


0.0181 




Bromine number gBr^l OOg 


5.4 




Hydrogen content wt% 


12.61 


20 


Carbon residue content wt% 


2.23 



Table 7 



Catalyst name 


Base 2 


C2 


C8 


C9 


Metal deactivator name 




MC-2 


MC-7 


Mr* q 

IVIO-o 


Conversion (wt%): 










Catalyst/oil 


8 


8 


8 


8 


Average metal provided amount: 










Ni/V (ppm) 










2500/5000 


60.80 


67.43 


67.52 


67.21 


5000/10000 


40.10 


66.50 


65.82 


65.56 


Selectivity (wt%): 










Average metal provided amount: NI/V - 2500/5000 (ppm) 




Average steam treatment period: 20 hr 








Conversion (wt%) 


60.00 


60.00 


60.00 


60.00 


Yield of each ingredient (wt%) 










H 2 


0.23 


0.14 


0.13 


0.13 


C1-2 


0.89 


0.87 


0.88 


0.87 


LPG 


10.93 


10.95 


10.82 


10.79 


GASO 


41.24 


42.35 


42.35 


42.41 


LCO 


21.37 


22.98 


23.21 


22.93 


HCO+ 


19.08 


17.32 


17.38 


17.68 


COKE 


6.26 


5.39 


5.23 


5.19 


RON 


88.80 


88.79 


88.78 


88.79 


Selectivity (wt%): 










Average metal provided amount: Ni/V = 5000/10000 (ppm) 




Average steam treatment period: 40 hr 








Conversion (wt%) 


60.00 


60.00 


60.00 


60.00 


Yield of each ingredient (wt%) 










H 2 


0.31 


0.25 


0.23 


0.22 


C1-2 


0.73 


1.00 


0.91 


0.92 
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5 



10 



Table 7 


continued) 


Catalyst name 


Base 2 


C2 


C8 


C9 


Metal deactivator name 




MC-2 


MC-7 


MC-8 


LPG 


17.70 


11.34 


10.90 


11.12 


GASO 


35.86 


41.65 


42.21 


42.34 


LCO 


17.25 


23.38 


23.12 


23.46 


HCO+ 


20.25 


16.26 


16.62 


16.12 


COKE 


7.90 


6.12 


6.01 


5.82 


RON 


88.80 


89.50 


89.34 


89.45 



[0172] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
*5 from the spirit and scope thereof. 

[0173] This application is based on Japanese patent application No. 2000-257669, filed on August 28, 2000 and 
Japanese patent application No. 2001-246232, filed on August 14, 2001 , the contents thereof being hereby incorpo- 
rated by reference. 

20 INDUSTRIAL APPLICABILITY 

[0174] As described above, the catalyst of the present invention has reduced selectivity to hydrogen and coke and 
can yield a gasoline and an LCO fraction in high yields without lowering the octane number. In addition, the catalyst 
can retain these performances on a high level over long. The FCC catalyst can have a greatly improved metal endurance 
25 life (at least 3 times the life of Standard Catalyst A). (When a feedstock oil containing metals in an amount at least 3 
times larger than the metal amount in current feedstock oils is treated, the catalyst of the present invention can have 
the same performance as current catalysts, i.e., Standard Catalyst A.) 

[0175] According to the method of the present invention using the catalyst, a low-quality heavy hydrocarbon oil can 
be cracked by FCC at low cost. 

30 

Claims 

1. A catalyst for fluidized catalytic cracking of a heavy hydrocarbon oil, which comprises a compound of a bivalent 
35 metal or a compound of bivalent and trivalent metals showing an XRD pattern of a carbonate of the bivalent metal. 

2. The catalyst for fluidized catalytic cracking of a heavy hydrocarbon oil according to claim 1 , wherein the compound 
of a bivalent metal or the compound of bivalent and trivalent metals is dispersed in an inorganic oxide matrix. 

40 3. The catalyst for fluidized catalytic cracking of a heavy hydrocarbon oil according to claim 1 , wherein the compound 
of a bivalent metal or the compound of bivalent and trivalent metals is dispersed in an inorganic oxide matrix 
together with a crystalline aluminosilicate zeolite. 

4. The catalyst for fluidized catalytic cracking of a heavy hydrocarbon oil according to any one of claims 1 to 3, wherein 
45 the bivalent metal in the compound of a bivalent metal or in the compound of bivalent and trivalent metals is at 

least one selected from the group consisting of Mn 2+ , Ca 2+ , Sr 2+ , Ba 2+ and Sn 2+ , and the trivalent metal therein 
is at least one selected from the group consisting of AP+ and Mn 3+ . 

5. A method of fluidized catalytic cracking of a heavy hydrocarbon oil, which comprises using 

so 

(1 ) Standard Catalyst A obtained by evenly dispersing a crystalline aluminosilicate zeolite in an inorganic oxide 
matrix and at least one of Catalyst B according to claim 1 , Catalyst C according to claim 2, and Catalyst D 
according to claim 3 in combination, 

(2) Catalyst D and at least one of Catalyst B and Catalyst C in combination, or 
5 5 (3) Catalyst D alone. 
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Effects of decrease in number of acid sites located on the external 
surface of Ni-SAPO-34 crystalline catalyst by the 
mechanochemical method 
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In order to improve shape selectivity of the methanol to ethylene conversion and mitigate coke formation, the acid sites located on the 
external surface of Ni-SAPO-34 crystals were neutralized by the intrinsic mechanochemical method. Ni-SAPO-34 crystals were mixed 
in an agate mortar with basic alkaline or alkaline earth metal oxides supported on microspherical non-porous silica. Their catalytic 
performances in methanol conversion were enhanced, especially in the case of BaO-modified catalyst. The reason was verified by 
adopting the cracking of t-butylbenzene, which could not access into the pore channel due to its bulky molecular size. These changes 
in the reaction performance consistently could be ascribed to the decrease of the acid sites on the external surfaces. 

Keywords: shape selectivity, acid sites, external surface, methanol conversion, coke formation, mechanochemical neutralization 



1. Introduction 

An alternative and effective route of ethylene synthesis 
now increases its importance. Recently, studies on ethylene 
synthesis using SAPO-34 having the homologous structure 
of CHA were reported by several research groups [1-6]. 
However, as CHA has large cavities inside the crystal chan- 
nel structure, it involves a risk of rapid coke formation as 
chabazite catalysts have [7], when the intrinsic strength and 
concentration of acid sites inside the cavity are too high. By 
the incorporation of Ni into the framework of the SAPO-34 
structure, the acid strength could be weakened [3]; how- 
ever, the coke formation still remained at the external sur- 
face of the crystals, owing to its small restriction for the 
growth of fused-ring aromatics, i.e., the precursors of aro- 
matic coke. 

Many researchers have performed studies to overcome 
this problem [7-10], but it has not been resolved as yet. Inui 
et al. [11-13] reported that the acid sites located on the ex- 
ternal surface of Ga-incorporated MFI-type metallosilicate 
were reduced by Pt-ion exchange and successive heat treat- 
ment resulting in a marked reduction of coke deposit due 
to hydrogen spill-over through the Pt particles at the port- 
holes. Recently, they extended their work by a selective 
neutralization of acid sites located on the outer surface of 
H-ZSM-5 crystals [14] and H~Ga silicate crystals [15] and 
confirmed its neutralization effect on the methylation reac- 
tion of methylnaphthalene, respectively. 

In our previous paper [16], it was demonstrated that the 
amount of coke deposited sensitively derided on the acid- 
ise density ,;f c!:e su.faee of Ni-SAPO-.i.; e:y^ 
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in the methanol to light olefin conversion reaction. Also, 
acid sites of the external surface decreased the selectiv- 
ity to ethylene from methanol owing to the non-restricted 
oligomerization at the solid surfaces. 

In the present study, therefore, the mechanochemical 
neutralization method was adopted to neutralize the acid 
sites on the external surface of Ni-SAPO-34 crystal, with 
the intention to reduce the coke formation and increase the 
shape selectivity in methanol conversion. 

2. Experimental 

2.1. Catalyst preparation 

The preparation procedure of catalysts is shown in fig- 
ure 1 . The gel composition of the Ni-SAPO-34 crystal was 
0.20 A1 2 0 3 : 0.20 P 2 0 5 : 0.06 Si0 2 : 0.0015 NiO : 0.20 
(TEA) 2 0 : 10 H 2 0, and it was synthesized by the rapid 
crystallization method [17]. The obtained crystal was cal- 
cined at 600 °C for 3 h in air to remove the organic template 
before neutralization. 

Neutralization of the acid sites on the external surface 
was conducted as follows: a 70 wt% portion of Ni-SAPO- 
34 crystalline particles were manually milled in an agate 
mortar for 30 min with a 3 wt% portion of a basic metal 
oxide such as MgO, CaO, BaO, or Cs 2 0 supported on a 
27 wt% portion of microspherical non-porous silica parti- 
cles of 0.3-1.5 j/m in diameter (PS-3, Onoda Cement). As 
the reference catalyst, a 70 wt% portion of Ni-SAPO-34 
was mixed with 30 wt% of PS-3. These samples were then 
tabietted and calcined at 600 C tor 3 'J min in air followed 
by crushing and sieving to 20- 24 mesh to provide the re- 
action. The five kinds of catalysts were designated as cats. 
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Synthesis of Ni-SAPO-34 (Si/Ni charged atomic ratio of 40) 
cry stal using rapid hydrothermal crystal lization 

\ 

Calcination at 600 C C for 3h 

♦ 

Dissolving acetic salt of basic metal (Mg, Ca, Ba, or Cs) in water 

t 

Supporting on spherical silica particles (PS-3) by impregnation 
method and drying 

♦ 

physical mixing with Ni-SAPO-34 crystals 
in an agate mortar for 30 min 
( Ni-SAPO-34: PS-3: MeO= 70: 27: 3 ) 

♦ 

Tableting and calcining at 600 °C for 30m in. 



Crushing with 20-24 mesh 
Figure 1 . Preparation procedure of catalyst. 

1 (none), 2 (CaO), 3 (MgO), 4 (BaO), and 5 (Cs 2 0) for 
the modified oxides, none, CaO, MgO, BaO, and Cs 2 0, 
respectively. 

2. 2. Characterization 

Synthesized Ni-SAPO-34 crystals were identified by 
powder X-ray diffraction analysis (XRD), by using a Shi- 



madzu XD-DI with nickel filtered Cu Ka radiation (30 kV, 
30 mA) at an angle of 26 range from 50 to 5°. 

Morphology of the PS-3, Ni-SAPO-34 crystals, and the 
mixture of the former with the metal-oxide-loaded PS-3 
were observed by Hitachi S-2500CX scanning electron mi- 
croscope (SEM). 

Acidic properties of the catalysts were measured by 
temperature-programmed desorption (TPD) of pre-adsorbed 
NH3 or 4-methylquinoline, using a Rigaku micro thermo- 
gravimetric analyzer Thermoflex TG 8110 equipped with 
a thermal analysis station TAS 100, and the TPD profiles 
were obtained from the differential of the integral curve of 
weight loss from 80 to 600 °C at a constant heating rate of 
10°C/min in a 50 ml/min N 2 flow. 

The amount of coke deposited on the catalyst after the 
reaction was measured by temperature-programmed oxida- 
tion (TPO) by using a Shimadzu DT-40 thermo-gravimeter 
at a heating rate of 10°C/min in a 40 ml/min air flow. 
The profiles were obtained by the same way as described 
for TPD, and the coke contents were calculated from the 
weight loss in a temperature range from 300 to 800 °C. 

2.3. Reaction method 

Methanol conversion was carried out in an ordinary fixed 
flow-type apparatus. A 0.325 g portion (0.35 ml) of cata- 
lyst was packed into a quartz tubular reactor having 5.0 mm 
inner diameter, and a reaction gas, composed of 15 mol% 
methanol and 85 mol% N 2 , was allowed to flow with a 
gaseous hourly-space velocity (GHSV) of 500 h" 1 at a tem- 
perature range from 300 to 450 °C for 1-5 h on stream. 

Catalytic cracking of t-butylbenzene was carried out at 
450 °C to evaluate the effect of the neutralization on the 
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Figure 3. SEM photographs of Ni-SAPO-34 (a), PS-3 (b) and cat 4 (BaO) (c). 



activity of the outer surface of crystalline particles. A 0.5 g 
portion of catalyst was used, t-butylbenzene was fed to an 
evaporator by a microtube pump, was diluted to 20 mol% 
with N 2 , and fed to the catalyst with a GHSV of 1000 h" 1 . 

The products were analyzed by three FID-type gas chro- 
matographs, Shimadzu GC7A, 12 A, and 14A. Analyses for 
methanol and dimethyl ether, C1-C4 hydrocarbons, gaso- 
line range hydrocarbons, and CO x were carried out by us- 
ing columns Porapak T, VZ-10, silicon OV-101, and acti- 
vated carbon, respectively. The deposited coke was deter- 
mined by combustion using micro-thermogravimetric ana- 
lyzer Shimadzu DT-40. 

2.4. Coke deposited 

The amount of deposited coke was measured by TPO. 
A 20 mg portion of a sample was placed in a sample pan 
and heated from 300 to 800 °C at a constant heating rate of 
10°C/min in a 40 ml/min air flow. A 20 mg of a-alumina 
was used as the reference. 



3. Results and discussion 

3.1. Physical properties of the catalysts 

The XRD patterns for the catalysts are shown in fig- 
ure 2. The peak for the modified catalysts almost coincided 
with that of the unmodified one. However, in the case of 
CS2O modification, the peak intensity decreased consider- 
ably. This is ascribed to permeation of CS2O into the inside 
of the Ni-SAPO-34 particle, causing a structural damage of 
some part of crystals. 

The SEM photographs for Ni-SAPO-34, the spherical 
silica support (PS-3), a;ic cat. 4 (BaO) are shown in fig- 
ure 3. The crystals of Ni-SAPO-34 synthesized by the rapid 
crystallization method were in the form of uniform cubes 
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Cat. 1 (none) 
Cat. 4 (BaO) 
Cat.5(Cs20) 




0 100 200 300 400 500 600 
Temperature( 0 C) 

Figure 4. NH3-TPD profiles for Ni-SAPO-34 crystalline catalysts modified 
with basic oxides (MeO). 

of 1 fxm, and the diameters of spherical particles of PS-3 
were 0.3-0.8 /im. The morphology of the cat. 4 (BaO) im- 
plies that Ni-SAPO-34 crystals were sufficiently mixed with 
spherical silica particles and, therefore, the BaO supported 
on the microspherical silica could contact the external sur- 
face of Ni-SAPO-34 crystals. 

The NH3-TPD profiles for modified and unmodified cat- 
alysts are shown in figure 4. These profiles consist of two 
peaks; one appears at a low- temperature range around 1 50- 
200 °C and another appears at a high-temperature range 
around 350-450 °C. The low- and high-temperature peaks 
correspond to the weak and strong acid sites, respectively. 
The peak intensity and width were not changed in modified 
catalysts compared with unmodified. The? acidic nroportir* 
of N:-SAPO-34 crystals modified with different basic ox- 
ides are presented in table 1. As shown, for al! catalysts 
except for cat. 5 (Cs 2 0), the amounts of NH 3 adsorption 
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Tabic 1 

Acidic properties of Ni-SAPO-34 catalysts modified with basic oxides. 



Catalyst 


Adsorption 


Adsorption amount 


BET 




amount of NH3 


of quinoline 


surface area 




(mmol/g) 


(mmol/g) 


(m 2 /g) 


Cat. 1 (none) 


1.571 


0.102 


323 


Cat. 3 (MgO) 


1.570 


0.099 


324 


Cat. 4 (BaO) 


1.543 


0.095 


320 


Cat. 5 (Cs 2 0) 


1.313 


0.080 


314 
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Figure 5. Effect of temperature (a) and time on stream (b) on the con- 
version of *-butylbenzene. Reaction conditions: 20 mol% i-butylbenzene, 
80 mol% N 2 , temperature 450 °C, GHSV 1000 h" 1 . 

were similar. However, from the data of quinoline TPD, it 
is recognized that with increase in the basicity of the sup- 
junied material, i.e., MgO < BaO < Cs^O, the acidity 011 the 
external surface decreased. On the other hand, for cat. 5 
vC^O), the acid amount in the crystals was remarkably re- 
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Figure 6. Effect of time on stream on the methanol to ethylene conversion 
on various Ni-SAPO-34s modified with different basic oxides. Reaction 
conditions: 15 mol% MeOH, 85 mol% N 2 , GHSV 500 h~ ! , 425 °C. 

duced. This is ascribed to the permeation of basic material 
in the crystals, whereby the acid sites on the internal surface 
were partly neutralized. 

To estimate the effect of neutralizing acid sites on the 
external surface, cracking of t-butylbenzene on cat. 4 (BaO) 
and cat. 1 (no base additive) was carried out. Effect of reac- 
tion temperature and time on stream on the conversion are 
shown in figure 5 (a) and (b), respectively. On both cata- 
lysts, the conversion of t-butylbenzene was very low. How- 
ever, as shown, the conversion of £-butylbenzene on cat. 4 
(BaO) was obviously lower than that on cat. 1 (none). The 
conversion of t-butylbenzene on cat. 1 (none) decreased 
with an increase in time on stream. These results explain 
that the acid sites on the external surface of Ni-SAPO-34 
crystals was significantly neutralized with BaO ingredient 
by the mechanochemical method. 

3.2. Methanol conversion 

Figure 6 shows the changes in ethylene selectivity as 
a function of time on stream on the catalysts modified 
with different basic oxides. The modified catalysts exhib- 
ited higher selectivity to ethylene and longer catalyst life 
relative to the unmodified catalyst. Especially when BaO 
was used as the modifier, this effect was the largest. In 
table 2, the product distribution for methanol conversion 
shown in figure 6 is shown. Selectivity to ethylene on both 
catalysts decreased with increase in time on stream. An 
important result is the decrease of the yield of over C5. 
In consequence, the deactivation was moderated on cat. 4 
(BaO) compared with on cat. 1 (none). In particular, it is 
significant that the prolonged catalytic lift 1 with the? mod- 
ified catalysts indicates that the formation of coke on the 
external surface decreased. On the other hard, selectivity 
to ethylene with the modified catalysts is always higher 
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Table 2 

Change of the products with an increase of time on stream in methanol conversion on unmodified and 

modified Ni-SAPO-34s. 



Catalyst Time on Methanol Distribution of products (C wt%) 





stream (h) 


conversion (%) 


DME 


Ci 


C2-C4 


c 2 = 


c 3= 


c 4= 


Cj^ 


Cat. 1 (none) 


1 


100 


0 


6.51 


1.92 


73.00 


11.13 


5.24 


2.50 




2 


100 


0 


6.34 


3.96 


56.10 


28.36 


6.98 


4.30 




3 


100 


0 


5.28 


3.80 


44.70 


31.50 


11.78 


3.44 




4 


100 


0 


6.42 


3.67 


40.50 


34.05 


11.33 


4.04 




5 


94.0 


3.52 


9.53 


3.25 


36.70 


34.51 


8.97 


3.52 


Cat. 4 (BaO) 


1 


100 


0 


3.74 


1.29 


80.72 


10.25 


3.81 


0.20 


2 


100 


0 


3.54 


2.18 


67.00 


22.96 


3.16 


1.15 




3 


100 


0 


4.23 


3.45 


56.10 


28.55 


6.64 


1.74 




4 


100 


0 


5.10 


3.73 


49.07 


30.60 


9.31 


2.26 
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100 


0 


4.12 


4.31 


47.02 


31.25 


10.63 


2.69 
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Figure 7. TPO profiles for coke deposited on Ni-SAPO-34 catalysts mod- 
ified with basic oxides. Reaction conditions: 15 moI% MeOH, 85 mol% 
N 2 , GHSV 500 h" 1 , 425 °C, time on stream 3 h. 

than that over the unmodified catalysts. Ethylene is selec- 
tively produced on the internal acid sites due to narrow 
pore structure [16], while non-selective reaction occurs on 
the external acid sites. Therefore, the neutralization of the 
external acid sites increased ethylene selectivity. On both 
catalysts, ethylene selectivity was decreased with an in- 
crease in time on stream. This is ascribed that the pore 
mouths of the crystal were gradually blocked by coke, and 
the internal acid sites, which are responsible for selective 
ethylene synthesis. 

After the reaction for 3 h, the amounts of coke deposited 
on the catalysts were analyzed by TPO and the profiles are 
shown in figure 7. Compared with unmodified catalyst, 
the amount of coke deposited on the modified catalysts de- 
creased indicating that the number of acid sites located on 
the external surface decreased. Furthermore, on the cntn- 
modified by stronger basic compounds such as Cs^O, 
the amount of coke was reduced to half of that of the un- 
modified catalyst. 




0.07 0.08 0.09 0.10 0.11 
Acid amount on external surface(mniol/g) 

Figure 8. Relation between the deposited coke amount and the acid amount 
on external surface. 

In the previous report [16], it was suggested that the 
deactivation observed on Ni-SAPO-34 crystalline catalysts 
could be attributed to the coke deposition which occurred 
on the external surface of the crystals. In fact, as shown 
in figure 8, the amount of deposited coke is closely related 
to the acid site concentration on the external surface of 
crystals. 



4. Conclusion 

Acid sites on the external surface of Ni-SAPO-34 crys- 
tals could be selectively neutralized by the mechanochemi- 
cal method with basic oxides supported on the microspher- 
ical non-porous silica. In methanol conversion, the modi- 
fied Ni-SAPO-34 catalysts exhibited n higher r^Icctivity to 
ethylene and longer catalyst life than the unmodified one, 
corresponding to the decrease of coke formation or. rxid 
sites located on the external surface of the crystals. 
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